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ABSTRACT 



Context. Since 2001, the radio quasar 3C 454.3 has undergone a period of high optical activity, culminating in the brightest optical state ever ob- 
Q ., served, during the 2004-2005 outburst. The Whole Earth Blazar Telescope (WEBT) consortium has carried out several multifrequency campaigns 
i to follow the source behaviour. 

O ' Aims. The GLAST-AGILE Support Program (GASP) was born from the WEBT to provide long-term continuous optical-to-radio monitoring of 
' a sample of y-loud blazars, during the operation of the AGILE and GLAST (now known as Fermi GST) y-ray satellites. The main aim is to shed 
C/3 , light on the mechanisms producing the high-energy radiation, through correlation analysis with the low-energy emission. Thus, since 2008 the 
monitoring task on 3C 454.3 passed from the WEBT to the GASP, while both AGILE and Fermi detected strong y-ray emission from the source. 
■ Methods. We present the main results obtained by the GASP at optical, mm, and radio frequencies in the 2008-2009 season, and compare them 

with the WEBT results from previous years. 
, Results. An optical outburst was observed to peak in mid July 2008, when Fermi detected the brightest y-ray levels. A contemporaneous mm 
JT^ ■ outburst maintained its brightness for a longer time, until the cm emission also reached the maximum levels. The behaviour compared in the 
i^J ■ three bands suggests that the variable relative brightness of the different-frequency outbursts may be due to the changing orientation of a curved 
' inhomogeneous jet. The optical light curve is very well sampled during the entire season, which is also well covered by the various AGILE and 
, Fermi observing periods. The relevant cross-correlation studies will be very important in constraining high-energy emission models. 

qq , Key words, galaxies: active - galaxies: quasars: general - galaxies: quasars: individual: 3C 454.3 - galaxies: jets 

o : 
o\ . 

C> 1. Introduction multiwavelength campaigns, coupling the high-energy data from 

satellite observations with ground-based radio-to-optical data. 
; Blazars (i.e. flat-spectrum radio quasars and BL Lacertae ob- In i 997? during the operation of the Compton Gamma Ray 
V , jects) constitute a specific class of radio-loud active galac- observatory (CGRO, 1991-2000) satellite, this was one of the 
^ 'tic nuclei whose highly variable emission is dominated by ma in motivations that led to the birth of the Whole Earth Blazar 
CG ; relativistically-beamed non-thermal radiation from a plasma jet. Te i e scope (WEBTfl which involves a large number of tele- 
Blazars are detected at all wavelengths, from the radio to the scopes at diff e r ent longitudes, to obtain continuous monitor- 
y-ray band. The low-energy non-thermal emission (from ra- ing during campaigns dedicated to single sources. Ten years 
dio to optical, or sometimes to UV/X-rays) is due to syn- late] . in 2007i following the launch of the y . ray satellite Astro . 
chrotron radiation, while the higher-energy emission is usually rive i a tore Gamma a Immagini LEggero (AGILE), and in view 
ascribed to inverse-Compton scattering of soft photons by the of the antici p ate d launch of the Gamma-ray Large Area Space 
synchrotron-emitting relativistic electrons in the jet. According Telescope (GL AST, then renamed as the Fermi Gamma-ray 
to synchrotron-self-Compton (SSC) models, the soft photons are Space Te i e scope), the WEBT started a new project: the GLAST - 
the synchrotron photons themselves, while in external-Compton AGILE Support Program (GASP; see e.g. IVillata et al.l l2008b). 
(EC) models, seed photons come from outside the jet, in partic- Ks primary aim is t0 proyide long . term continuous ptical-to- 
ular from the accretion disc or the broad line region. The dif- radio monitoring of a list of 28 y-loud blazars, during the oper- 
ferent predictions on the multifrequency behaviour of the source ation of these two sate iii tes , by means of selected WEBT tele- 
from different models can be tested by the results of coordinated scopes 

The flat-spectrum radio quasar 3C 454.3 (z = 0.859) is one 



Send offprint requests to: M. Villata of the most studied blazars, especially after the observation of 

* The radio-to-optical data presented in this paper are stored an exceptional bright state from the mm band to X-rays in May 
in the GASP-WEBT archive; for questions regarding their avail- 
ability, please contact the WEBT President Massimo Villata 



(villata@oato.inaf.it). 1 http://www.oato.inaf.it/blazars/webt/ 
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Fig. 1. fi-band light curve of 3C 454.3 
in the last five observing seasons, com- 
posed with data from the WEBT cam- 
paigns (blue dots) and from the GASP 
monitoring (yellow-filled circles); the 
boxes indicate various periods of y-ray 
detection, as described in the text. 



2005. That unprecedented outburst was monitored from the ra- 
dio to the optical band by the WEBT, whose results were pub- 
lished by IVillata et al.l ([2006) together with Chandra observa- 
tions and VLBA imaging^. The WEBT continued to monitor the 
subsequent high radio activity; an interpretation of th e optical- 
radio correlation was proposed by Vill ata et al.l ([2007). The sub- 
sequent observing seasons showed an alternation of quiescent 
and active states; the relevant WEBT monitoring and spectral en- 
ergy distribu t ion (SEP) re sults were presented and analysed in 
IRaiteri et all (120071 l2008allbl) together with optical-UV and X- 
ray observations by the XMM-Newton and Swift satellites and 
spectroscopic monitoring in the near-IR. During the renewed op- 
tical activity of the second half of 2007, AGILE detected the 
source several times, at th e brightest levels ever observe d up 
to that time, as shown by IVercellone et alj d2008l l2QQ9h and 
iDonnarumma et all d2009l) . In the last two papers, the authors 
also performed a cross-correlation analysis between the y-ray 
fluxes in November and December 2007 and the corresponding 
WEBT optical data, showing a possible delay of the y-ray emis- 
sion of about 1 day or less. In particular, the detection of an 
exceptionally fast and strong flare in both the optical and y-ray 
bands on December 12 seems to constrain the time lag to be less 
than 12 hours. 

Thus, the WEBT followed the radio-to-optical behaviour of 
3C 454.3 until February 2008; since then, the GASP contin- 
ued this task in the last observing season 2008-2009, as part 
of its 28-so urce monitoring effort. Between late May a nd lat e 
Jun e 2008. IDonnarumma et all d2008l) . IVittorini et al] ([2008), 
and iGasparrini et alj d2008l) reported on various episodes of y- 
ray activity detected by AGILE. In July, the GASP observed 
a bright optical-NIR flare a ccompanied by mm and cm radio 
activity d Villata et al.Ll2008al) . In the meantime, GLAST/Fermi- 
GST started its operation and the Large Area Telescope (LAT), 
turned on in late June, promptly detected high y-ray activity, 
at un precedented emis s ion levels, especial ly during the optical 
flare dTosti et all [20081) . iPittori et alJ d2008) reported on the fur- 
ther observation by AGILE in late July. Following the optical-to- 
radio activity detected in July, the GASP continued to observe 
an increasing flux at high radio frequencies in the subsequent 
months, leading to the highest levels ever recorded at 43 GHz 
dBachet all 120081). 

lAbdo et all ( 20091) present the results of the first three 
months of Fermi-LAT observations of 3C 454.3, when 
the source showed unprecedentedly strong and highly- 



variable y-ray emission, with a peak flux of Fe >iooMeV ~ 
1.2 10~ 5 photons ctrT 2 s _1 . Their light curve covers (with a 
quasi-daily sampling) the period July 1 - October 5, and the sim- 
ilarities with the optical light curve presented in this letter are 
evident. However, this letter is focused on the multifrequency 
behaviour observed by the GASP in the 2008-2009 observing 
season, and any consideration and analysis on the optical-y cor- 
relation and its impact on theoretical models is deferred to subse- 
quent papers in collaboration with the AGILE and Fermi teams. 
In Sect. 2 we present the optical-to-radio observations with a se- 
lection of light curves; in Sect. 3 we discuss the results. 



2. Optical-to-radio observations and results 

We calibrated the optical 7?-band magnitudes with respect 
to Stars 1, 2, 3, and 4 from the photometric sequence by 
Raite ri et al. (1998). Figure [TJ shows the /?-band data collected 
by the GASP in the 2008-2009 observing season (from April 
2008 to February 2009; yellow-filled circles), together with 
WEBT data during the previous four sea sons, since the big 
2004-2005 outburst (blue dots ; data from IVillata et al.l 120061 
120071; IRaiteri et al.ll2007l[2008allbl) . In total, we assembled about 
9500 data points. The participating GASP optical observatories 
in the 2008-2009 season were: Abastumani, Lulin, Armenzano, 
Crimean, Roque de los Muchachos (KVA), Belogradchik, San 
Pedro Martir, St. Petersburg, Kitt Peak (MDM), Teide (BRT), 
Sabadell, Talmassons, Calar AltcQ, L'Ampolla, New Mexico 
Skies, Valle d' Aosta, and Tuorla. Near-IR JHK data were taken 
at Campo Imperatore. In the figure, the boxes indicate periods 
of y-ray detection: the red ones are those by AGILE i n 2007 
(IVercellone et all 120081 120091; IDonnarumma et all 120091) . while 
the green one represents the total period covered by AGILE 
and/or Fermi in 2008 - early 2009. 

The GASP light curve from April 2008 to February 2009 
is better displayed in Fig. [2] where also the details of the y- 
ray observing periods are given: red boxes are the AGILE ones, 
whereas the blue box indicat es the July 1 - Oc tober 5 period 
covered by the light curve in lAbdo et all d2009fl The optical 
flux started to increase in mid May and a first, noticeable flare 
peaked in mid June, at the end of the first AGILE period. A fur- 
ther, brighter flare was observed to double-peak on July 7-10 



2 Observations by the INTEGRAL and Swi f t satel li tes and by the 
REM teles cope were presented i n iPian et all ( 120061) . iGiommi et alj 
(2006), and Fuhr mann et alj d2006t> . respectively. 



3 Calar Alto data were acquired as part of the MAPCAT (Monitoring 
AGN with Polarimetry at the Calar Alto Telescopes) project. 

4 The Fermi-LAT monitoring has continued beyond 
this period; preliminary light curves are shown at 
http : //f ermi . gsf c . nasa . gov/ssc/data/access/lat/msl_lc/ 
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Fig. 2. Enlargement of the last season of the /?-band light curve 
shown in Fig. Q] during the GASP monitoring; see text for ex- 
planation of the red and blue boxes. 
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Fig. 3. Further enlargement of the R-band light curve around the 
brightest phase of the 2008 outburst, well monitored also by 
Fermi and AGILE; different symbols indicate different observa- 
tories. 
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Fig. 4. GASP light curves of 3C 454.3 from late March 2008 
to February 2009 at 230 GHz (blue squares), 37 GHz (green 
crosses), and 14.5 GHz (red circles). 



(JD ~ 2454655-57), followed by the brightest phase of the out- 
burst, peaking around July 16.1 (JD ~ 2454663.6). This bright- 
est part of the 2008 outburst is visible in m ore detail in Fig. [3] 
which reports the period from the start of the lAbdo et al.l ([2009) 
y-ray light curve (July 1.0, JD = 2454648.5) until the end of 
the third 2008 AGILE period (August 14.88, JD = 2454693.38), 
with symbols differentiating the various observatories. Then the 
optical flux started to drop with a decreasing trend with several 
flares superposed, until the end of the season. 

The GASP monitored the source also at mm and cm wave- 
lengths: 345 and 230 GHz (SMA0), 43 GHz (Noto), 37 GHz 
(Metsahovi), 22 GHz (Medicina), 14.5 GHz (UMRAO), 8 and 
5 GHz (UMRAO and Medicina). In Fig. [4] we show the best- 
sampled and most-significant light curves from late March 2008 
to February 2009, at 230, 37, and 14.5 GH2Q. The optical out- 
burst was accompanied by very high activity at these lower fre- 
quencies; in particular, the 37 GHz data show levels never ob- 
served before, brighter than the previous historical maximum of 
early 2006. The mm-cm outbursts appear to be delayed with re- 
spect to the optical outburst, especially in the decreasing phase, 
with the delay increasing with wavelength. 

Figure[5]displays the flux behaviour at optical, mm, and radio 
frequencies in the last five seasons, starting from th e 2004-2005 
histori cal outburst, including th e WEB T data f rom I Villata et al.l 
(I2006L 120071) and IRaiteri et alJ (I2007L l2008albl) . Compared to 
the previous optical activity, the 2008 outburst appears rela- 
tively modest, while the corresponding mm (230 GHz) outburst 
is much more spectacular, and the radio levels at 37 and 14.5 
GHz are higher than in the previous events. 



3. Discussion 

The unprecedented optical outburst of 2005 was followed by 
an equally exceptional mm event, but, at lower frequencies, 
the signature of this event was only a moderate flux increase. 
According to Villat a~et~aT] d2007l) . the different appearance of the 
outburst (which is caused by an emitting zone moving along the 
jet) at different frequencies was due to different viewing angles 
of the various emitting regions in the (curved) jet: smaller view- 
ing angles yield a stronger Doppler enhancement of the flux. 
After that, an orientation change of the curved jet provided the 
extraordinary outburst at high radio frequencies of early 2006, 
as the counterpart of non-enhanced optical activity. This inter- 
pretation pr edicted a mild mm e vent, as one can now see in Fig. 
[5] (see also IRaiteri et al.ir2008bl) . In other words, the ratios be- 
tween the fluxes at different frequencies depend on the curved 
jet orientation. Following this picture, the strong (but not excep- 
tional) optical activity in the 2007-2008 season, accompanied by 
mild mm and cm activity, would represent a geometrical config- 
uration slightly favouring high frequencies. Then (2008-2009), 
the initial optical brightness is soon suppressed in favour of the 
mm one, which continues to be bright for a longer period, until 
the radio frequencies also brighten, more than previously, due 
to a particularly small viewing angle. It seems that the jet cur- 
vature can allow only two bands (e.g. optical and mm, or mm 
and cm) to be contemporaneously strongly Doppler enhanced: if 
one of the outer bands (i.e. optical and radio) is enhanced, the 
other is non-enhan ced (see also the model for BL Lacertae in 
Villata et alJl2009l and Fig. 4 therein). To make this evident, in 



5 These data were obtai ned as part of the no rmal monitoring program 
initiated by the SMA (see lGurwell et alj|2007h . 

6 The other, less-sampled light curves show similar/intermediate 
trends. 
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Fig. 5. i^-band flux-density (de- 
reddened) light curve (top, mjy) and 
mm-cm light curves (Jy) at 230, 37, 
and 14.5 GHz from June 2004 to 
February 2009; in the bottom panel the 
optical data are reported together with 
the cubic spline interpolations through 
the 15-day binned data at 230 (blue 
line), 37 (green line), and 14.5 (red 
line) GHz; the regions where the 230 
GHz spline exceeds the 37 GHz one 
are highlighted in yellow. 



the bottom panel of Fig. [5] we plotted the optical data and cu- 
bic spline interpolations through the mm and cm light curves 
together. The yellow areas highlight the regions where the 230 
GHz spline exceeds that at 37 GHz, i.e. when the mm emitting 
region is better aligned with the line of sight than the cm one. As 
expected, the larger the 230/37 GHz flux ratio, the higher the cor- 
responding optical activity, and the optical appears always low 
when the 230/37 GHz ratio is less than 1 . A deeper, quantitative 
analysis of this correlation is beyond the aim of this short letter. 

We have reported on the optical-to-radio flux behaviour of 
3C 454.3 in the 2008-2009 season, as observed by the GASP, 
and have compared these results with the WEBT light curves of 
recent ye ars, finding consisten cy with the curved jet scenario de- 
picted by Vill ata et all d2007h . In particular, we have assembled 
a detailed optical light curve during and around the various de- 
tection periods by AGILE and Fermi, which will be very useful 
for cross-correlation studies with the y-ray emission. 
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